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DESCRIPTION 

RADIO RECEIVER 

The present invention relates to a radio receiver having particular, but 
not exclusive, application in digital communication systems such as GSM and 
UMTS, and to an integrated circuit comprising such a radio rece.ver. 

Zero-IF receivers and near-zero-IF receivers (also known as polyphase 
receivers) are well known for use in radio communication systems. Both types 
of receiver attempt to achieve the same performance as traditional superhet 
receivers but have the advantage of being much easier to integrate, because 
there is no need for off-chip channel filters. For digital TDMA (Time Division 
Multiple Access) systems, such as GSM (Global System for Mobile 
communication) and DECT (Digital Enhanced Cordless Telecommunicates), 
and analogue FM (Frequency Modulation) systems the zero-IF approach has 
not been particularly successful. This is because of difficulties associated w,th 
DC offsets and generation of second order intermediation products which fall 
in the centre of the wanted signa. band. Such signals cannot be filtered eas.ly 
without damaging the wanted signal. 

However in CDMA (Code Division Multiple Access) systems, such as 
the UMTS (Universal Mobile Telecommunications System) presently being 
defined signal information is deliberately spread over a relatively wide band of 
frequencies. For CDMA systems, the zero-IF approach is more attracts 
because neither the DC offsets nor the spectrum holes produced by DC notch 
f„ters cause significant damage. This is because these effects are spread 
themselves by the subsequent de-spreading of the wanted signal such that 

they are comparatively harmless. 

The polyphase receiver, as disclosed for example in European Patent 
Application 0.797,292. was developed for digital TDMA and analogue FM 
systems. Such a receiver does not suffer the same difficulties as the zero-IF 
receiver by virtue of using a lo* IF of half the channel spacing, so that the 
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wanted signal is no. so adverseiy affected by DC notch filters. U has been 
particuiady successful in its application to DECT and GSM receivers. However 
a weakness of the polyphase receiver is its rather limHed adjacent channe 
rejection capability. Where this requirement exceeds 35dB. as it does ,n most 
CDMA applications, its use is not generally preferred. 

Recent advances in both zero-IF and polyphase receiver archrtectures 
have concentrated on digitising the receiver as far as possible, as disclosed for 
e xamp,e in Internationa, Patent Application WO 00*2735. Th, ,nvo,ves 
situating the Analogue-to-Digital Converter (ADC) immed>ate,y after the RF 
own-conversion process in the front end of the receiver, such , ha, channe 
filtering is moved entirely from the analogue into the digital doma.n. Uttle or no 
Automatic Gain Control (AGC) is applied before the ADC. Hence the dynam.c 
range of signa,s to be handied by the ADC is increased substant,al,y, but the 
muLode capability of the receiver is greatly improved by the ease w, h 
which digital channel filters can be modified. Changing modes also no longer 
involves the compilation o, changing AGC algorithms since there ,s no AGC. 
Similarly, the need to extract Received Signal Strength ,n,orma.,on <RSS» 
from the analogue signa, is eliminated. The increase in power consumpfon 
^ ADC is minimised by circuit design techniques such as those d,sc,osed ,n 
WO 00/22735 together with advances in IC technology. 

The third generation cellular standard UMTS is scheduled to be 
introduced soon in Europe and elsewhere. As we,, as voice this will provide 
m0 bi,e users with data rates sufficient for multi-media sendees and Interne, 
access. However, when i, is firs. ro„ed-ou, the coverage offered 
be limited, and therefore the first handsets will need to have a dual-mode 
capability (UMTS/GSM in Europe at least). 

A major problem with the design of such a dual-mode receiver is to 
avoid the need for two separate receivers. An object of the present in— 
, therefore to provide a receiver architecture with maximum re-use of ,unc„ona 
1 as the receiver switches between UMTS and GSM modes. Parfcul^ 
design problems are presented by the preferred ,F for UMTS be.ng zero wh„e 
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„ for OSM * -Hz ,r half the — S 
ohanne. fitters would ordinarily need to be complex for 
and non-complex for .he zero-IF UMTS mode. 

According to the present invention there . provided a 
, • „,o IF and a low-IF mode, comprising an input tor a rao 
operable m a ^^^^ me ans coupled to the input for 
frequency signal, quadrature down diate freque ncy and for 

translating the radio frequency signal to mte 
generating in-phase and quadrature versions of he ^ rm 

^rrrTpi^^^ - - - 

signals to provide filtered ,n-phase ^ |n _ 

second ana,ogue-to^g«al conversion mean, for d *s,g 

operating in the low-IF mode are prov, 

fl rst and second analogue-to-digi.a, convers.nn.an , ow J ^ 
processing means are provided for opera.n on a « le g 

signal processing ™« deooded digital output data in the 

quadrature digitised signals to generate 



zero-IF mode. quadrature IF signals in the 

low- F mode, tne neeu iu. r .^ ro u lo cowinas in power 

cha nne, filters is ^^J^^ ZZ*. zero-IF 
sumption. = o e ^0,00 ^ ^ ^ ^ 

mode acts as the ADC <o use ^ for mu „, mode 

duplication of circuitry. Such a receive P g range Qf 

operation because design o, non-complex ADC. o ^oper 
different CocK speeds and noise-shaping profiles ,s much simp 
of their complex counterparts. ^ ^ (p ^ ffom , he 

B V U :!: the wanted signal bandwidth is 
receiver front-end in the low ir 

effectiveiy doubled to match the quantisation - * o 9 
belng reflected about zero frequency. However, despite likely 
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clock speed resuUing from this increased bandwidth the overal, power 
consumption should be reduced since only a single ADC is used. 

Because of a lack of image rejection by a non-complex ADC ,n the low- 
,F mode, a complex Alter is required prior to the ADC. Such a filter may be a 
, passive polyphase filter which, being passive, consumes no extra power. The 
filter may optionally be switched out of circuit when the receiver operates ,n 

Zer "' F ,nCeferred embodiment, the ADC is a sigma-delta ADC. ,n another 
preferred embodiment, the digital in-phase and quadrature signals are de- 
o rotated to translate their frequency to baseband. 

,n a further embodime,. of the invention the receiver . .mplemented ,n 
an integrated circuit. 

Embodiments of the present invention will now be described, by way of 
,5 example, with reference to the accompanying drawings, wherem: 

Figure 1 is a block diagram of a zero-IF receiver architecture made ■„ 
accordance with the present invention; 

Figure 2 is a graph illustrating the amplitude (A) against frequency <f) ,n 
MHz of signals after down-conversion and ore-filtering by the architecture o, 

20 R9Ure Hgure 3 is a graph illustrating the amplitude (A, against frequency (0 in 

* * ~ f th Q Ann shown bv a solid line, and after 
MHz of signals at the output of the ADC, snown oy 

filtering shown by a dashed line, in the architecture of Rgure 1 ; 

Figure 4 is a graph of simulated bit error rate (BER) of raw data b.ts 
25 aqainst signal power (S) in dBm for the receiver architecture of Figure 1, 

F^ure 5 is a block diagram of a «ow,F receiver architecture made ,n 
accordance with the present invention; 

Figure 6 is a graph illustrating the amplitude (A) against frequency <f> ,n 
kHz of slnals at the input cf the image rejection filter in the arch„ec«ure of 

30 R9UrS Figure 7 is a graph illustrating the attenuation (A) in dB against 
frequency <Q in kHz ofthe image rejection filter in the architecture o, F,gure 5; 
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Hqure 8 is a graph iiiustrating the amplitude (A, against frequency <f) in 
kHz ^ - - output of the image region f,i.er in the arcMecture of 

Fi9Ure Le 9 is a graph ii.ustra.ing the amplitude (A) against frequency « , in 
kH z of Xs at Jo^put of the image region .ter after ,erm,na„on o, 

, kHz of the channe, ^^^^ aga inst frequency (0 

— 

R Figure f2 is a graph iiiustrating the attenuation <A> a^st frequency (f> 

architecture of Figure 5 ^ against frequency (f) 

in J^S^ nation and demoduiation in the 

. arChH C^ T-'U* of simuiated hi, enor rate ( B ER , against signai 
25 indicate corresponding features. 

30 of the complete dual-mode rece.ver. ^ Qf an 
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with the present invention. Radio signals are received by an antenna 102, 
filtered by a band-pass filter 104 and amplified by a low-noise amplifier 106. 
The signal is then mixed down to generate in-phase (I) and quadrature phase 
(Q) signals at zero frequency by first and second mixers 108,110, which 
5 mixers are supplied with signals from a Local Oscillator (LO) 112 at their 
respective LO ports via a phase shifting block 114 which provides a signal with 
zero phase shift to the first mixer 108 and a signal with a 90° phase shift to the 
second mixer 110. 



10 with its I and Q components, and continues to be processed as a complex 
signal throughout the receiver until it is demodulated. The choice of a zero IF is 
particularly attractive for the UMTS mode because as well as minimising power 
consumption, the wanted signal is relatively tolerant of DC offsets produced in 
the front-end mixers or of the hole produced in its spectrum when the DC 

15 offsets are removed by a high-pass filter. 

The wanted signal, as a spread spectrum signal, occupies a bandwidth 
of approximately 4MHz, and in the subsequent de-spreading process later in 
the receiver, any DC offsets or spectrum holes are re-spread over the 4MHz 
bandwidth, rendering them of little or no significance. Furthermore, in using a 

20 zero IF any problems with interferes that might have occupied an image band 
are eliminated because there is no image band outside that of the wanted 
signal. Imbalances of I and Q in the signal chain generate a co-channel image 
that generally only gives rise to a small increase in the noise figure of the 
receiver. Such imbalances impose no limitations on the adjacent channel 

25 rejection of the receiver, which is easily capable of meeting the 35dB or so 
required. 

The I and Q signal components are now passed through respective 
high-pass and low-pass pre-filters 116,117. Each high-pass filter 116 
comprises a first-order high-pass element, which inserts a DC notch into the 
30 signal, while each low-pass filter 117 comprises a single low-pass element 
which attenuates the power in large interferers at large offset frequencies (for 
example the blocking interferers at 60MHz and 85MHz specified in the UMTS 



After down-conversion by the mixers 108,110 the signal is complex, 
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standard). A typical frequency spectrum at the output of one of the low-pass 
filters 117 is shown in Figure 2, in this embodiment having a DC hole which is 
200kHz wide. The I and Q signals are next amplified by respective two-level 
AGCs 118, which ensure that the wanted signal always falls within the 
available dynamic range of respective sigma-delta ADCs 120. Each AGC 
circuit 118 simply reduces the gain by a single step of 30dB when the total 
power, including interferers, in the band of the wanted signal exceeds a 
predetermined threshold. Without this single step in gain, the dynam.c range 
requirements for the ADCs 120 would be excessive. 

The sigma-delta ADCs 120 quantise the I and Q components, thereby 
producing a pair of digital bitstreams. The modulators 120 are clocked at a 
frequency of approximately 40 times the UMTS chip rate (3.84MHz), and 
include loop filters which re-distribute the quantisation noise so that most .s 
concentrated at high frequencies well away from the band of the wanted 
signal Digital channel filters 122 are configured to reject this high-frequency 
quantisation noise as well as any interferers in other channels that might be 
present at the input to the receiver. 

Plots of the noise spectra are shown in Figure 3, that at the output of a 
sigma-delta (IA) modulator 120 shown by a solid line and that at the output of 
a digital channel fitter 122 shown by a dashed line. The spectra were 
generated under test conditions of a single tone injected into the modulator 
120 at maximum drive level. By measuring the total output power w.th and 
without the input tone, it can be verified that the available dynamic range of 
each ADC 120 is approximately 77dB. 

The digital channel filters 122 are typically of the roct-raised cos.ne 
type matched to the characteristics of the baseband filters used by a base 
station for transmission. Their lengths must be minimised for low power 
consumption but made long enough to ensure acceptable levels of intersymbol 
interference and adequate rejection of interference. Decimation of the d,g,t,sed 
signals also takes place in these filters, reducing the sampling rate to 
approximately eight times the chip rate. In some embodiments, each filter may 
be split into several stages of decimation. 
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The remainder of the baseband signal processing in the system of 
Figure 1 is similar to that used in a more conventional CDMA receiver. A 
searcher 124 attempts to locate signals encoded with an appropriate code and 
passes timing information to a rake receiver 126, which despreads, detects 
5 and combines spread-spectrum signals received over a multipath channel. 
Output from the searcher 124 and rake receiver 126 is further processed by a 
Digital Signal Processor (DSP) 128 to generate an output bitstream 130 
comprising the decoded UMTS bitstream. This bitstream 130 may then be 
processed conventionally to generate suitable output, for example audio or 
10 data signals. 

The highly digitised nature of the architecture described above largely 
eliminates the need for analogue channel filters and AGC. This is particularly 
useful when the need to -switch to a GSM mode is considered. Although the 
architecture places heavy demands on the performance of the ADCs 120, the 

15 design is feasible, and advances in integrated-circuit technology will also help 
to reduce power consumption. 

System simulations have been performed to verify that the architecture 
will meet the UMTS performance requirements. An example of the output of 
such a simulation is presented in Figure 4, showing the variation in bit error 

20 rate (BER) for raw data bits as a function of wanted signal power S in dBm. In 
this simulation the receiver noise figure was assumed to be 8.5dB and the raw 
bit rate 60kHz. When a 9dB coding gain is taken into consideration for a 
12.2kB/s service, the results indicate that the receiver should achieve a BER 
for information bits of 0.1% at a wanted signal input level of approximately 

25 -120dBm, which is 3dB inside the UMTS specification of -117dBm. 

Now consider the GSM mode. Because of difficulties with DC offsets 
and second-order intermodulation products generated in the front-end mixers, 
a low IF of half the channel spacing is preferred for GSM. This allows high- 
pass filters to be inserted in the I and Q signal paths of the complex IF signal 

30 so that the offsets and intermodulation products can be extracted without 
damaging the modulation of the signal. However, this IF introduces the added 
complication that in order to reject all interferers incident on the receiver, 
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10 



,„o,uding an adjacent-channe, integer in the image band of the wanted 
na, (1 a, -100KHz>, the channe, f,lter and ADC both have to be convex. A 
compl x digKa, me, typically consumes twice as much power as a pa,r o, re 
flfte rs and a comp,ex ADC is substantia,, more diffiouit to desman a , e 
version. ,n coniunofon wKh the needs imposed by hav,ng a UMTS e* 

and ADCs in both modes. 

An architecture which meets this requirement is disclosed in app can 
co-pending unpunished UK patent application 0027503.2 (applets 
Irence PHGBOOOtse) and iiiustrated in Figure 5. which is a blocK d.agram 
7. GSM embodiment o, a ,ow-,F receiver arch«ec,ure. The fron en use a 
quadrature down-converter to mix incoming RF signais down to a low ,F h t 
he channe, spacing (tor GSM the channe, spacing is 200KHZ - ^ e 
is 100kHz) This part of the receiver is essentially the same as that descnbed 
IZ with reference to Figure 1. the only difference being the frequency 

supplied by the loca, , 0W , F sjgnal , 

After down-conversion by the mixers iuo, 
comprising , and Q signa,s, passes into an image ruction «er (,R> 51ft 
Z is a passive po.yphase f„ter which reacts any «*«J^ 
, image band of the wanted signal, namely between -200kHz and Ofc Such 
Z are Known, as diseased for example in the paper ''Singie s.deban 
Lin using sequence asymmetric polyphase network by M G.nge 
Bectric Communications, No 48, 1973. Passive P o,yphase Alters are eas y 
led as an RC network which is straightforward to integrate on s,,^. The 
, 5 image reiection Alter 516 passes wanted signais in the band 0Hz o ^ 
• as 1 as a„ other interferers. However, ^ ^^^^Z 
it allows all subsequent filters in the receiver to be real (>.e. P 
it auowb f\t—r sir ie nassive it consumes no 

one of the I and Q signals). Since the filter 516 is passive, 

30 ™r mustrate the effect of the polyphase ,ter 618. spectra of a = 

■ a of th^ inout and output terminals of the filter, 
wanted signal will be examined at the input ana o h 
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Figure 6 shows a simulated input spectrum of a GSM signal at a level of OdBm 
and an IF of 100kHz, driven by a random series of data bits. The spectrum is 
that of an undistorted GMSK (Gaussian Minimum Shift Key) signal in the 
presence of white, Gaussian noise generated by the receiver front end. It is 
5 worth noting that the power in the signal at negative frequencies is only 15.9dB 
below the power in the entire signal. The relevance of this is that it implies that 
even if the polyphase filter 516 were able to extract all the energy in an 
adjacent-channel interferer falling into the band -200kHz to zero, neither this 
receiver nor any other GSM receiver could operate with an interferer arriving at 
10 +15.9dB with respect to the wanted signal. Fortunately the GSM specification 
requires the receiver to operate with an adjacent channel interferer at only 
+9dB with respect to the wanted signal, and in this case the spillage of energy 
into the wanted band is low enough to achieve an acceptable signal-to-noise 
ratio. 

is For the image filter 516, the implication is that the attenuation it provides 

in the adjacent channel is not likely to be the main limiting factor on receiver 
performance. Hence, the filter need not provide an attenuation of much greater 
than 20dB. An example of the frequency response of a suitable polyphase 
filter is shown in Figure 7. After filtering by such a filter, the spectrum of the 

20 wanted signal of Figure 6 is modified to that shown in Figure 8. The asymmetry 
introduced by the filter is clearly visible, but is not sufficient to cause any 
significant degradation in BER when (as in the described embodiment) an 
equaliser is used as part of the demodulation process. 

After the image rejection filter 516 the Q component of the signal is 

25 terminated, while the I component continues through a high-pass filter 1 16 to a 
single, two port sigma-delta (ZA) modulator 520. The effect of dropping the Q 
component of the signal is to take half of the wanted signal energy and fold it 
over onto the negative side of the frequency spectrum. Hence the signal (in 
common with the noise spectrum of the sigma-delta modulator 520) is 

30 symmetrical about zero frequency and occupies a bandwidth of 400kHz. As an 
example, Figure 9 shows the spectrum of the wanted signal output from the 
filter 516 (shown in Figure 8) with the Q component removed. Such a signal 
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maximises the conversion efficiency of the modulator 520. This is because the 
bandwidth of the signal now matches the width of the hole in the quantisation 
noise spectrum produced by the modulator 520, thereby improving the 
conversion efficiency of the ADC 520 by at least 3dB. 
5 The high-pass filter 116 removes DC offsets generated by the 

preceding front-end circuitry. Studies of polyphase receivers for GSM 
applications have shown that a suitable cut-off frequency for the filter 116 is 
10kHz or less, which gives the receiver an adequate recovery time from the 
over-drive effects of large signals without causing any significant degradation 

10 of the wanted signal. 

The order of the modulator 520 and its clock speed must be chosen to 
give the required noise shaping. At minimum input signal level (-108dBm in 
the state of the art), signal-to-quantisation-noise ratio must be about 17dB in a 
400kHz bandwidth (i.e. -200kHz to +200kHz) in order to meet the GSM 

15 specification for BER (Bit Error Rate). This figure is derived from the need for 
an overall signal-to-noise ratio of 7dB and a quantisation noise level which is 
1 0dB below that of the front-end noise. The largest input signal to the ADC is a 
blocking interferer at -23dBm. When sensitivity requirements and interferer 
levels are taken into consideration, the dynamic range required for GSM is a 

20 difficult, but feasible, value of approximately 85dB. 

The output of the ADC 520 is a high-speed bitstream which contains 
both the wanted signal and a large quantity of high-frequency quantisation 
noise. The output signal is filtered by a digital channel filter 522. This filter runs 
at a sampling rate equal to the clock rate of the sigma-delta modulator 520, 

25 which is typically of the order of 48 times the bit rate for GSM. It has a low- 
pass frequency response with a cut-off frequency of approximately 200kHz 
which, when viewed on a double-sided frequency axis, resembles a band-pass 
response of width 400kHz. The precise shape of the frequency response of 
the filter 522 is not particularly critical, as long as it provides sufficient stop- 

30 band attenuation to allow decimation of the signal samples down to a sampling 
rate of about 1MHz (approximately four times the GSM bit rate of 
270.8333kHz). A suitable frequency response is illustrated in Figure 10. The 
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filter 522 has the dual role of attenuating all interfere* arriving at the receiver 
input except an image interferer (i.e. an interferer in the tower adjacent 
channel, which is handled by the image rejection filter 516) and of attenuate 
most of the wideband quantisation noise produced by the modulator 520. The 
combination of real quantisation and filtering of the wanted signal is more 
efficient than the equivalent complex signal processing used in known low-IF 

receivers. . 

A typical frequency spectrum of signals at the output of the filter 522 ,s 
shown in Figure 11. The two halves of the wanted signal, shown as a solid 
„„e are located on either side of zero frequency, separated by the hole 
produced by the high-pass filter 116. The residue of an image interferer 
shown as a dashed line, occupies the same frequency space as the wanted 
signal but a. a level that should be insignificant because of the attenuaton 
applied by the image rejection filter 516. Outside the -200kHz to .200kHz 
band there may also be some residual sigma-delta noise, shown as a cha.n- 
dashed line, and power due to large interferers, but such signals can be 
removed easily by subsequent filtering. 

Once the high frequency content of the signal has been removed by the 
channel filter 522 the IF signal can be down-sampled (i.e. decimated) by a 
down-sampling block (DS) 524 to a sampling rate of approximately four fimes 
the GSM bit rate. This reduces the required processing resources and power 
consumption for the reconstruction of the Q component of the wanted signal. 
In some embodiments the down-sampling may be combined with the channel 
filtering for better efficiency. It is necessan, to make the wanted signal complex 
again to facilitate its perfect frequency translation (or de-rotation) back from the 
low IF to zero frequency, and its subsequent demodulation to obtain data b,ts. 

Hence, after down-sampling, the signal is made complex by passing ,t 
,o a pair of FIR filters, a first filter 526 having a linear-phase low-pass response 
and a second filter 528 having an identical response except for the creator , of 
a narrow notch in the middle of the passband and the insertion of an extra 90 
phase shift The second filter 528 creates the new Q component, performing 
me equivalent of a time-bounded Hilber. transform, with the width of the notch 
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determining the length of its impulse response. A width of slightly less than or 
equal to that of the notch generated by the preceding high-pass filter 116 
would normally be appropriate. 

Figure 12 shows a typical frequency response of a suitable second filter 
528, this particular example being a FIR filter having 276 taps, with a hole 
width of 8kHz. The principal function of the first filter 526 is to insert exactly the 
same time delay into the path of the I component as that inserted in the path of 
the Q component by the second filter 528. The impulse responses of both 
filters 526,528 should be exactly the same length. The first and second filters 
can be designed to give further suppression of any interference remaining 
after the channel filter 522 outside the bandwidth of the wanted signal. 
Changing their cut-off frequency has virtually no effect on the required length 
of the filters 526,528, and gives the possibility of introducing extra filtering that 
comes effectively for free. The choice of cut-off frequency has some relevance 
to the sampling rate required by the filters 526,528, but provided this does not 
give rise to any significant problems the filtering thereby provided may alleviate 
the need for any further filtering in the baseband. 

Restoring the Q component of the wanted signal has the effect of 
folding the negative half of its frequency spectrum back onto the positive side, 
whereby the bandwidth reduces back to 200kHz. The total power in the signal 
therefore returns to the original value seen at the input to the image rejection 
filter 516. The power density is increased by 6dB. Figure 13 shows the 
simulated frequency spectrum of the signal of Figure 9 after the various 
processing steps described above. It should be noted that the energy at 
negative frequencies is a consequence of the finite length of the two FIR filters 
526,528, leading to a slightly imperfect image rejection ratio. The abrupt cut-off 
at approximately 270kHz is a result of a low-pass edge deliberately 
incorporated in the characteristics of the two filters 526,528. 

Once the Q component has been created, the I and Q signals pass to a 
derotation block 530 where they are derotated to baseband, by performing a 
complex multiplication with a complex tone of -100kHz provided by a signal 
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source 532, which derotation shifts the wanted signal back to a central 
frequency of zero. By virtue of being digital, the de-rotation process is perfect. 

In the example embodiment shown in Figure 5, the I and Q signals are 
filtered by respective low-pass baseband filters 534, having a cut-off frequency 
5 of 80kHz. The baseband filters 534 are only required if the extra filtering 
mentioned above has not been included in the filters 526,528. A typical 
frequency spectrum of signals at the output of a filter 534 is shown in Figure 
14, with the wanted signal shown as a solid line and the residue of an image 
interferer shown as a dashed line. The interferer will be of no consequence if 
10 the image rejection filter 516 is dimensioned correctly. 

The signals are then processed by an equalisation and demodulation 
block (EQ) 536 before being provided as output 538, at the raw GSM bit rate 
of 270.833kHz, to digital signal processing circuitry in the remainder of the 
receiver. 

is System simulations have been performed to verify the correct 

functioning of an architecture in accordance with the present invention. As an 
example, Figure 15 is a graph of results of a simulation determining BER for a 
range of wanted signal powers S, in dBm, using a well-known TU50 channel 
model (typical urban profile with a maximum speed of 50km/h). Simulated 

20 results for the new receiver architecture are shown as a solid line, while results 
for a benchmark polyphase receiver, using complex signal processing 
throughout, are shown as a dashed line. It is evident that the sensitivity of the 
new receiver is at least as good as the benchmark polyphase receiver. Qther 
simulations have also verified that the new architecture can provide the 

25 required selectivity, both for adjacent channels and for those at larger 
frequency offsets. 

Finally, consider the combined dual-mode UMTS and GSM receiver. 
Figure 16 is a block diagram of an embodiment of such a receiver made in 
accordance with the present invention. The RF front end, as far as the mixers 
30 108,110 is similar to that of the UMTS and GSM modes, the main differences 
being the need for respective band-pass filters 104 and low-noise amplifiers 
106 for UMTS and GSM frequency bands and the requirement that the LO 1 12 
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can supply suitable reference frequencies for both modes to the mixers 
108,110. 

The wanted signal appears at the output of the quadrature down- 
converter mixers 108,110, the UMTS signal occupying a band of -2 to +2Mhz 
5 on a zero-IF carrier and the GSM signal occupying a band of zero to 200kHz 
on a low-IF carrier. The embodiment shown here has not been designed to 
handle simultaneous operation of the two modes. 

The signals pass through a high-pass and low-pass filters 116,117, as 
used in the UMTS embodiment described above. The high-pass filters 116 

10 generate a notch in the UMTS signal, but the notch is sufficiently small 
(typically no more than -10 to +10kHz) that it has no significant effect on the 
UMTS signal. The low-pass passive pre-filters 117 attenuate any large UMTS 
interferers at offsets of 60MHz or more. Three-level AGC amplifiers 1618 
ensure that the signal falls into the available ADC dynamic range: two of the 

15 levels provide same functionality as the AGC circuit 118 of Figure 1 when the 
receiver is operating in UMTS mode, namely reducing the gain by a single step 
of 30dB when the signal level exceeds a predetermined level; the third level is 
used when the receiver is operating in GSM mode to provide a suitable signal 
level for subsequent analogue-to-digital conversion. The third level is simply 

20 required to compensate for differences in signal levels between the UMTS and 
GSM modes. 

The signals next pass through a polyphase image-rejection filter 516. 
This filter is not necessary for the UMTS mode, and may therefore be 
bypassed. However, it is likely that the damage caused to the UMTS signal is 

25 not significant, in which case the filter 516 can remain in place for both modes, 
thereby saving some signal switching. The I and Q signals then pass to 
respective sigma-delta modulators 1620,120. The Q modulator 120 is identical 
to that for the UMTS embodiment described above, and only operates in 
UMTS mode. The I modulator 1620 must be reconfigurable for the two modes. 

30 In the UMTS mode suitable values for the loop bandwidth and clock speed are 
20MHz and 153.6MHz respectively, while in the GSM mode they are 3MHz 
and 26MHz respectively. In practice it may be preferable for the ADCs 
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1620,120 to be identical to avoid differences in I and Q channel processing in 
the UMTS mode. 

After digitisation the resultant bitstream or bitstreams pass through 
respective combined channel and decimation filters 1622, which filters are 
5 programmable via settings held in ROM 1623 for the UMTS and GSM modes. 
The remainder of the digital signal processing proceeds in the manner 
described above for each of the modes. 

It can be seen that a substantial part of the analogue and digital 
hardware is common to both modes, this common part 1600 being enclosed 

10 within a dashed line in Figure 16. The digital baseband signal processing 
blocks for the two modes are quite different, because of the different 
demodulation processes involved. However, the software elements of this 
processing may be configured to run on a common DSP platform, thereby 
increasing still further the amount of common circuitry. 

15 It will be appreciated that the position of some functional blocks may be 

varied in the above embodiments within the scope of the present invention. 
For example, in the embodiment of Figure 1 the position of the high-pass filter 
116 and low-pass filter 117 is immaterial. Similarly, in Figure 5 the high-pass 
filter 116 could equally well be situated before the image-rejection filter 516. 

20 The receiver architecture of the present invention has been described 

above in relation to a dual-mode UMTS/GSM receiver in which the IF switches 
between zero and 100kHz. However, the architecture can readily be adapted 
to a range of other dual-mode and multi-mode combinations CDMA, TDMA 
and FDMA applications. Likely combinations include IS95, CDMA2000, IS136, 

25 AMPS and PDC1 900. 

From reading the present disclosure, other modifications will be 
apparent to persons skilled in the art. Such modifications may involve other 
features which are already known in the design, manufacture and use of radio 
receivers, and which may be used instead of or in addition to features already 

30 described herein. Although claims have been formulated in this application to 
particular combinations of features, it should be understood that the scope of 
the disclosure of the present application also includes any novel feature or any 
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novel cognation of features disclosed herein etther explicitly or ,mp„o,t.y or 
any generation thereof, whether or not . relates to the same ,nven on as 
presently claimed in any claim and whether or no, it mHigates any or al, of the 
me technical problems as does the present invention. The applicants hereby 
g L notice that new claims may be formuiated to such features 
conations of features during the prosecution of the present appl,cat,on or of 

anv further application derived therefrom. 

1 the Resent specif,ca,,on and Cairns the word "a" or -an" precede an 

element doe no, exclude the presence of a pluralKy of such e,ement, 

Further, ,he word -comprising" does no, exclude ,he presence o, Cher 

elements or steps than those listed. 
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CLAIMS 

„wo in a zero-IF and a low-IF mode, 

a A radio receiver operable in a zero ir 

1- A radio r „ 11{ ,Hrature down-conversion 

casing an input for a radio slgnal to an 

m eans coupled to the input for translating the j«* ^ «^ „ 
mediate frequency and tor generating ,n- h ^nd ^ ^ 

^^^m^l^^^"^^. L quadrature 
in . pha se and quadrature signals to provide ««d n P ^ ^ 

— ■ and r f :: — - — 

digitising each of the ,n- P hase a q ^ ;o , 

res ponsive to ti,e receiver opera .nthe Jo ^ 
disabling operation ot one oj ^ ^ ^ for 

conversion means, low-IF digital s.gna ou , , data in 

operating on a ^ ^ESS^""" 1 are provided for 

digital output data in the zero-IF mode. 

2 A receiver as claimed in Cairn 1. characterised in that the 
, complex filtering means comprises a polyphase f.lter. 

, • 0 h in rlaim 1 or 2, characterised in that the 
3 . A receiver as claimed in claim i oi , 

complex filtering means are passive. 

25 , A receiver as c^^ 

tnat means responsive to the receiver operating ™ rf ^ jn _ 

provided for switching the complex filtering means out of P 
phase and quadrature signals. 

* „i,imc i to 4 characterised 
6 . A receiver as claimed in any one o, l*ms 1 o ^ 
in that the analogue-to-digital conversion means composes 
analogue-to-digital converter. 
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6 A receiver as claimed in any one of claims 1 to 5, characterised 
in that the anaiogue-to-digital conversion means are operable at a plurality of 
different clock speeds. 

7 A receiver as claimed in any one of claims 1 to 6, characterised 
in that the low-IF digital signal processing means includes derotation means 
for translating the digital in-phase and quadrature signals to baseband. 

8 A receiver as claimed in any one of claims 1 to 7, characterised 
„ ,n that the ,ow-,F digital signal processing means includes signal genera„on 

means for operating on the signal digitised signal to generate digital ,n-phase 
and quadrature signals. 

9 A receiver as claimed in any one of claims 1 to 8, characterised 
15 in that the signal generation means comprises ft* and second low pass Alters 

and in that the phase shift applied to signals passed through each of the Alters 
differs by 90°. 

1 0. A receiver as claimed in claim 9. characterised in that the filters 
20 have a linear-phase characteristic. 

11. An integrated circuit comprising a radio receiver as claimed in 
any one of claims 1 to 10. 

12. A radio receiver substantially as hereinbefore described with 
reference to and as shown in the accompanying drawings. 
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ABSTRACT 

RADIO RECEIVER 

A radio receiver is configurable to operate in both low-IF and zero-IF 
modes with maximum re-use of of analogue and digital circuitry between 
modes. The receiver comprises a quadrature down-converter 
(108,110,112,114) for generating in-phase (I) and quadrature (Q) signals at an 
intermediate frequency and a complex filter (516) for performing image 
rejection filtering. 

In the iow-IF mode, one of the outputs (Q) of the filter (516) is 
terminated, the other (I) is digitised by a non-complex ADC (520), then the 
digital signal is filtered and decimated. Quadrature-related IF signals are then 
re-generated before down-conversion and demodulation. 

In the zero-IF mode, both outputs of the filter (516) are digitised and 
processed in parallel before demodulation. 

By enabling analogue-to-digital conversion and channel filtering to be 
performed at low-IF on non-complex signals, use of just two non-complex 
ADCs (120,1620) is possible, thereby avoiding duplication of circuitry and 
providing significant power savings. 

(Figure 16) 
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